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INTRODUCTION. 
In  a  previous  communication  (I)  we  have  considered  the  laws 
governing the rate of excretion of urea and chlorides  and their vari- 
ations  in  individuals  with  normal  excretion.  The  present  paper 
deals with the application  of these laws to the  study of pathological 
conditions,  and  to  the  study  of  the  action  of  certain  drugs  on  ex- 
cretion.  The  aim  is  for  the present  not primarily  to draw  conclu- 
sions  regarding  the  diseased  conditions  themselves,  but  to  offer  a 
means of obtaining more accurate  information  regarding  these  con- 
ditions  than  has  hitherto  been  possible.  Certain  cases  which  illus, 
trate  the  nature  of  the  observations  made  possible  by  the  method 
have been selected for presentation. 
The  laws  formulated  by  Ambard  for  the  excretion  of  urea  are  already  in 
clinical use in France  (2).  In the clinic the method  has oeen used  almost solely 
as  a  measure  of  renal  function,  the  variations  in  the  values  obtained  with 
Ambard's  coefficient  serving  as  an  indication  of  disturbed  function.  Widal, 
Ambard,  and  Weill  (3)  have  studied  the  excretion  of  chlorides  in  edematous 
subjects,  and  have  made  some  observations  on  the  effect  of  diuretics.  Bauer 
and Habetin (4) and more  recently Bauer and von Nyiri  (5), working  in Ortner's 
clinic  in  Vienna,  have  published  observations,  obtained  by  means  of  Ambard's 
laws,  on  urea  and  chloride  excretion  in  a  considerable  number  of  cases.  Inas- 
much  as  they  have  used  an  altogether  unreliable method  for  the  determination 
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of urea  in  the blood, and  publish figures as  high as  0.779  gm.  of urea  per  liter 
of  serum  in  individuals  with  normal  excretion,  a  figure  which  a  person  with 
normal  excretion  could  attain  only  after  ingestion  of  enormous  quantities  of 
urea,  our figures can in no way be comparable with theirs. 
With the more accurate and rapid methods  for urea and chloride 
determinations  now  available,  requiring  only  a  small  amount  of 
blood,  it  is  possible  to  make  frequent  and  repeated  simultaneous 
observations  on  urea  and  chloride  excretion  in  relation  to  the 
concentration in the blood in the same individual,  and at a minimum 
of discomfort to him.  A  wider  field is thus  opened  for investiga- 
tion.  Quantitative  studies  of  human  bodily functions  could  here- 
tofore be carried  out only to  a  limited  extent.  With  the  methods 
here  presented,  we have  a  direct measurement  of  one  of the most 
important  excretory functions, elimination  of urea through  the kid- 
neys, and also a standard  for judging the concentration  of chlorides 
in the plasma in  its relation  to normality.  That these methods  are 
more delicate than other methods used  for study of disturbed renal 
function is apparent  from the  data presented. 
Methods of Study. 
Simultaneous  observations on  urea  and  chloride  excretion  are  made  in  pa- 
tients  in  a  manner  identical  with  that  described  in  the  preceding  paper  (I). 
One-half  hour  after  the  patient  drinks  15o  to  2o0  cc.  of  fluid,  the  bladder  is 
emptied and  the subject takes  no  further  fluid  or  food until  a  carefully timed 
period,  usually  of  seventy-two minutes,  is  ended.  The  urine  excreted  during 
this  period  is  collected, and  at  the  middle  of  the  period  about  io  cc.  of  blood 
are  withdrawn  from  an  arm  vein,  clotting being  prevented by  a  small  amount 
of powdered potassium oxalate.  The choice of a  period of seventy-two minutes 
is merely for the  sake of convenience, seventy-two minutes being one-twentieth 
of  twenty-four hours.  A  one  or  two  hour  period may,  of  course, be used,  all 
calculations in  any  case  being made  on  a  basis  of  twenty-four hours.  In  case 
an error of a  few minutes is made in the time of collection of the second speci- 
men,  the  calculation  should  be  made  on  the basis  of  the  time  actually  elapsed 
between the voiding of the first and  second specimens.  The amount of urea  in 
the whole blood,  and  total chlorides, estimated as  sodium chloride, in  the  oxal- 
ated  plasma  after  centrifugalization, are  determined.  Both  urea  and  chlorides 
are  determined in  the urine.  By substituting the values  obtained in  the proper 
formulas the  relationship of  the  rate  of  excreti.on  of  these  substances  to  their 
concentration in the blood is determined.  In the case of urea the rate of excre- 
tion under the conditions found is  directly measured in  terms of the normal, by 
the use of the following formula: 
Index of urea excretion =  8.96 X  Gin. urea per 24 hl~s. VGm. urea per liter of u~ne 
Wt. in kilos X  (Gin. urea per liter of blood) 2 3,;8  Laws  Governing  Rate  of Excretion  i~  Man. 
In  the  normal  individual this  formula  gives  a  value  of  about  xoo  for the  index. 
The  theoretical  concentration  of  sodium  chloride  in  the  plasma,  under  the  con- 
ditions  found,  is calculated  from  the  following  formula: 
.l/Gm. NaC1 per 24 hrs. VGm. Na_Cl per liter of urine  Calculated plasma NaC1  5.62 + 
4.23  X  Wt. in kilos 
For the  derivation  and  significance of  these  formulas  the  reader  is  referred 
to the foregoing paper.  Analyses are carried out by the methods there indicated, 
and calculations are made with the slide-rule  there described. 
Observations  are  made  as  frequently  as  desirable.  Since  they  involve  no 
discomfort to the patient,  other than the slight inconvenience incident to  taking 
blood,  daily  observations  are  usually  made  when  changes  in  the  state  of  the 
patient  are  taking  place.  The  results  may  be  obtained  in  full  within  an  hour 
after  collection of  the  specimens,  so  that information  is  furnished more  rapidly 
than  in  other  ways.  As  the  observations  involve  neither additions  to  the  diet 
nor introduction of  foreign substances, they interfere in no way with the dietetic 
r~gime  or  with  the  progress  of  the  case.  The  calculations  are  independent  of 
nitrogen  and  chloride  intake.  Gastro-intestinal  disturbances,  such  as  vomiting 
and  diarrhea,  therefore,  do  not  affect  the  results,  and  it is  unnecessary  to  keep 
the patient on  an analyzed  diet.  Observations can be made  at  any desired  time 
in almost every case. 
Catheterization  has  been  performed  only  when  necessary  or  advisable  in 
order  to  avoid danger of  losing the  specimen,  as,  for  instance,  during delirium. 
It should be practiced in cases  in which there is  residual urine.  Water  is  given 
before  the  seventy-two  minute  period  in  order  to  avoid  conditions  simulating 
retention  due  to  dehydration.  In  the great majority  of  cases  a  rate  of  flow  of 
urine  for  the  period  corresponding  to  I,ooo  ec.  or  more  per  twenty-four  hours 
is  obtained.  In practice  we  make  it a  rule  not to  accept  results  on  urea  excre- 
tion  calculated  from  a  urine  flow  at  a  rate  of  less  than  500  cc.  in  twenty-four 
hours,  since  results  obtained  under  the  condition  of  a  very  low  rate  of  urine 
excretion  are  apt to  be misleading.  The  chloride  formula  appears  to  hold  even 
for  very low  rates  of  urinary output. 
Pathological Conditions Affecting Excretion. 
Conditions  Associated  with  Retention.--Retention  of  nitrogen 
and salt have long been recognized as occurring in certain  forms of 
cardiac and  renal  disease.  By the use of the present methods  new 
light is thrown on the mechanism  of this  retention.  The salt reten- 
tion of pneumonia,  for example, has been shown to be entirely dif- 
ferent  in  mechanism  from  the  salt  retention  of  chronic  nephritis. 
For our purpose we propose to consider retention only in the sense 
of its  relation  to excretion.  That  is  to  say,  our conception  of re- 
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of  substances  in  the  Mood  in  order  to  induce  sufficient  excretion. 
That retention in the tissues themselves occurs is often lost sight of 
in studies of renal  function by methods which require  a  comparison 
of intake and output of certain  substances.  It is manifestly wrong 
to consider the kidneys responsible  for the  failure to excrete a  cer- 
tain  amount  of salt given by mouth,  if the  salt  is  taken  up  by the 
tissues and the concentration in the plasma remains low.  But if the 
concentration  of urea  or chlorides  in  the 'blood or plasma  remains 
proportionately high,  and the rate of excretion proportionately  low, 
it is correct to speak of retention  in the sense of a  failure to excrete 
properly.  This  is the  condition  in certain  types of cardiorenal,  or 
renal disease. 
Retention,  thus defined, is not an accumulation,  but a  higher  level 
of substances in the blood, to compensate  for increased difficulty in 
passing through the outlet.  It .does not mean that the kidney is not 
able to excrete the normal amount  of urea,  for the daily excretion, 
as has repeatedly been shown, may be quite normal.  As much may, 
in  fact, be excreted as is absorbed, and the  individual be in perfect 
nitrogen !balance  (6),  although  the blood urea  or blood nitrogen  is 
much increased.  But it does mean that an increased amount in the 
blood is  required  in order that  increased  pressure may be provided 
to  cause the  same  rate  of  excretion  through  diseased kidneys  that 
would be carried on through  normal kidneys with a smaller amount 
in the blood.  Actual accumulation may and does occur, under cer- 
tain conditions.  It differs from retention in the above sense, because 
there  is  a  failure  to  excrete  substances  as  rapidly  as  they are  ab- 
sorbed or  formed.  The  picture  is  different  from  the  purely  com- 
pensatory phenomenon just described. 
The  abnormal  individual  who has  retention comes to  an  equilib- 
rium  at a  level which is  different  from  that  of the normal  individ- 
ual.  By comparing his rate of excretion with the standard  normal, 
under the conditions of concentration  found in the blood and urine, 
we  Obtain  a  measure  of  the  degree  of  compensation  required  to 
secure the necessary rate of excretion.  The necessity for increased 
pressure may be due to diminished  outlet, because a  certain  amount 
of the kidney tissue is absent or is not functionating.  Thus  a  per- 370  Laws  Governing  Rate  of Excretion  in  Mare 
son with only one normal kidney,  the other  being removed,  should 
have  an  index  of  urea  excretion  of  approximately  5o,  Ioo  repre- 
senting normality.  On the other hand,  the kidney cells present may 
be functionally  deficient,  though  still  able  to  carry  out  their  func- 
tions if .the pressure under which they work is increased.  In either 
case  the  index  measures  the  relative  functional  capacity  for  the 
excretion of urea.  An index of  Ioo, or  Ioo per cent,  is the stand- 
ard  normal,  based  on  a  considerable  number  of  observations  on 
normal  individuals.  An  index  of 2 5  indicates  that  the  individual 
under  observation  is  excreting  urea  at  2 5  per  cent  of  the  normal 
rate  under  the  conditions  of  concentration  of  urea  found  in  the 
blood and  urine.  An  index  of 8o is  considered  as  the lower  limit 
of normality,  and no normal  individual  should give a  lower figure, 
providing the fluid intake  is sufficient to prevent dehydration. 
Observations. 
Case  I  (Text-fig.  I)  provided  opportunity  for  making  repeated 
observations  during  the  course  of  acute  nephritis,  occurring  as  a 
sequel of pnemnonia and empyema.  Besides fluid intake and output, 
weight,  concentration  of albumin in the urine,  systolic and  diastolic 
blood pressure,  P-R  time  measured  electrocardiographically,  pulse 
rate,  and temperature,  Text-fig.  I  illustrates  the findings  as regards 
urea and chloride excretion, with occasional observation~ on the rate 
of  excretion  of  phenolsulphonephthalein.  The  concentration  of 
urea in the blood and the rate of excretion are shown, together with 
the  index of urea excretion,  calculated as  above indicated.  It  will 
be seen that  during  the first two months  of the disease,  though  the 
level of the blood urea fluctuated considerably, due to changes in the 
nitrogen  intake,  the  index  remained  remarkably  constant  at  6  to 
8.  The  first  fall  in  blood  urea  followed  an  initial  restriction  ot 
diet,  and  was accompanied  by a  proportionate  decrease  in  the  rate 
of excretion.  As the nitrogen intake  increased, the blood urea rose 
steadily, reaching a level of 1. 3 grams per liter and maintaining  this 
level  for some  time.  The  rate  of  excretion  at  the  same  time  in- 
creased proportionately, so that the index remained constant.  When 
functional  improvement  did  occur  it  was  accompanied  by a  rapid ~o 
q~ 
J~ 
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fall in the blood urea,  and  an increase  in the  index toward normal. 
The rate of excretion during and  following this  fall remained prac- 
tically the same as when the high concentration of urea in the blood 
was found.  The maintenance  of a  constant  relationship  of rate of 
excretion  to  the  concentration  in  the  blood,  at  6  to  8  per  cent  of 
normal,  under  fluctuating  conditions  of  nitrogen  intake,  indicates 
that the process of excretion was being carried  out under  laws just 
as  definite as  those  governing  the  normal  excretion.  During  this 
period  the actual rate  of excretion maintained  was as  high  as  later 
in the disease when the conditions were more nearly normal.  Dur- 
ing recovery the only .changes were the  fall in concentration  of urea 
in the blood and  the rise in the value of the index.  One must con- 
elude,  therefore,  that  the  high  concentration  of  urea  in  the  blood 
was maintained  in order to compensate  for the difficulty in passing 
through  a  damaged outlet in the form of kidneys which were func- 
tionating at a rate only 6 tq 8 per cent of normal.  When functional 
conditions  improved,  it  was  no  longer  necessary  to  maintain  the 
concentration of urea in the blood at so high a  level, and it promptly 
fell to within normal  limits.  The  relation  of the rate  of phthalein 
elimination  to the urea index is shown in this case.  Both increased 
at  the  same  time,  the  increase  being  parallel.  The  failure  of  the 
index  to  reach  the  normal  figure  for  some  time,  in  spite  of  the 
fact  that  the  blood  urea  was  within  normal  limits,  shows  that 
the blood urea figure alone was not sufficient in this case to indicate 
the  functional  disturbance  which  still  existed. 
Text-fig.  I  also shows the-rate  of chloride  excretion,  maintained 
at  a  low level by a  salt-poor  diet;  the  theoretical  concentration  of 
sodium chloride in the plasma, calculated from the rate of excretion 
from  the  formula  given  above;  and  the  concentration  of  sodium 
chloride  found  in  the  plasma  by analysis.  A  marked  discrepancy 
is seen between the actual and  calculated  concentrations  of sodium 
chloride in the plasma,  the  former being always higher,  and  reach- 
ing at one time a  level of over 7  grams  per liter.  A  return  of the 
plasma  chlorides  toward  the  theoretical  concentration  was  much 
slower than the fall in blood urea, and confirms previous experience 
that  chloride  function  may  be  disturbed  for  some  time  after  ap- 872  Laws  Gover~dng Rate  of Excretion in  Man. 
parent recovery.  The case also shows the independence of the urea 
and chloride functions, since the urea function improved so rapidly 
some time before any change in  the chloride relations was  visible. 
Drug  experiments  in  this  case  were  entirely negative.  Edema 
was present at the start, but disappeared rapidly under free catharsis 
and  sweat  baths.  The  course  of  the  edema  is  indicated  by  the 
weight chart.  The later increase in  weight was a  healthy increase 
and was not accompanied by any edema. 
Case  II  (Table  I)  is  one  of  acute  nephritis  following  pneu- 
monia,  similar  to,  but  much milder  than,  the  previous  one.  The 
urea  index  remained  fairly  constant  at  about  75  for  a  time,  and 
then rose to a point considerably higher than normal.  The chloride 
excretion  followed  a  similar  course,  the concentration of  sodium 
chloride found in the plasma being higher than the theoretical con- 
centration during the first stage, and lower during the stage in which 
the  urea  index  was  high.  This  represents  a  stage  of  vascular 
irritability,  which  has  been  described  qualitatively  by  Schlayer 
(7)  and others, but this method offers a  means of measuring such 
changes quantitatively.  Recovery in this  case is accompanied by a 
return of :both urea and chloride functions toward normal. 
TABLE  I. 
Case  II. 
Date 
(I9IS). 
Mar.  9 
"  IO 
"  11 
"  I2 
"  I3 
"  I8 
"  22 
"  26 
Apr.  2 
"  9 
May  3o 
i  Urea. 
"~  per 
~*  Gm.  Gm. 
per  Gm. 
]  liter  I  liter  per 
of  of  ~4 
v  blood I  hrs.  urine 
v~.!  c.  D. 
____.S°dium  chloride,  I[  Urine  findings. 
In-  Gm  Gm. per liter of  i 
dex]  per"  Gm.  I  plasma.  I  "~ 
ofex-! liter  per  ]----  --  ~  "~ 
ere-  of  24  Cal-  Dif-  o 
tion/urine  hrs.  I  cu-  Ac-  fer-  I  ~  "=  ,/c q D  ilated  tua,  oo o I 
--  +:  kilos  co. 
]5I.O  I  IOO]O.562  26.2 
51.O  '2, )70 0.57f20.  9 
51.0  ]I, t9510.627  27.O 
I 51.o  I, .'oo 0.557 23.3 
51.o II, ~o'o o.5o6,16.4 
51.o [2, )34 O.547 15.3 
53.o  I,;OOO.557  I7,I 
53-8  I, t4o 0-457 16.3 
56.0 t6, )oo o.321/  9.0 
56.2  6, IooJo.3OSllO.O 
57.0  I, ~OOiO.250 15.9 
5.69 
5.7 ° 
5.67 
28.8 
43.3 
32.3 
28.o 
26.3 
31.2 
26.6 
23.4 
54.c 
63.c 
23.8 
83  04 
104  O.' 
75  o.¢ 
i  77  2.( 
71  5-: 
77194  58  84 
I0.( 
250  7.i 
330  9.', 
f 240  I3., 
~9[1+ +  H.T.* 
,05 
•  ,14  o  F.T. 
%22 
..23  o  V.F.T. 
-.o3  /V.F.T. 
-.o6  V.F.T. 
•  .o4[  V.F.T. 
•  .3o  V.F.T. 
..31  V.F.T. 
-.o2  V.F.T. 
o.9! 
1.5 
0.7 
2-4  5.75 
8.3  5.92 
18.9  6.14 
12.5  6.02 
15.7  6.1o 
43.8  6.33 
i61.8  6.52 
,20.2  6.17 
5.60 
5.65 
5.81 
5.97 
6.15 
6.17 
6.o81 
6.06 
6.03 
6.',i 
6.19 
+ 
+ 
+ 
Few. 
++ 
++ 
+ 
Few. 
* In  Table  I,  H.T.  signifies  heavy  trace;  F.T.,  faint  trace;  and  V.F.T.,  very 
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Case //.--(Table  I.)  D.  C.,  male,  aged  16.  Diagnosis,  lobar  pneumonia, 
acute nephritis.  Admitted Mar. 8, I915, on 6th day of pneumonia.  Temperature 
lO5.5  °  F.  Consolidation  posteriorly in  right  lower  lobe.  Blood  pressure  II2 
systolic, 6o diastolic.  Mar. IO.  Crisis, followed by rapid  disappearance  of phys- 
ical signs of consolidation.  No edema at any time; no further abnormal physical 
signs, except for slight pallor.  Mar. 26.  Discharged  from hospital,  feeling well 
except for slight  weakness.  Blood pressure lO2 systolic, 60 diastolic.  May 3o. 
Patient  has  been  working  for  a  month;  feels  perfectly well.  Blood  pressure 
lO8 systolic, 7o diastolic. 
In Case  III  (Table II)  enormous pressure  was  required  in order 
to induce the necessary rate of excretion of urea and  sodium chlo- 
ride.  The  close  agreement  of  the  urea  index  with  the  rate  of 
phthalein  excretion  is  also  seen  in  this  case. 
Attention has been called by Widal  and Javal  (8),  and more  re- 
cently  by  Folin,  Denis,  and  Seymour  (9),  and  by  Frothingham 
and  Smillie  (IO)  to  the  reduction  in 'blood urea or blood nitrogen 
brought  about  by  giving  a  low  protein  diet.  They  state  that  in 
cases with high blood nitrogen, such as in this case  (Case III, Table 
II), no marked reduction occurs on a  nitrogen-poor diet.  That any 
considerable reduction is difficult in a  case such as this may be shown 
mathematically.  Were  this. patient  to  attain  a  blood  urea  figure 
of  o.42  grams  per  liter,  that  is  to  say,  one  within  normal  limits, 
the  total  urea  excretion per  twenty-four  hours  in  I  liter  of  urine 
would be  i  gram,  the index remaining at  1.2.  The formula would 
then  read  Index ~  8.96 X  IX/I  =  1.2.  As  the  concentration 
42-I  X  (0.420) 2 
of  urea  is  practically  the  same  in  all  the  tissues  as  in  the  blood, 
before the concentration of over 2  grams  per liter could be reduced 
to 0.42 grams per liter this patient would have to excrete nearly 80 
grams of urea already in the body.  As the rate of excretion would 
diminish  in proportion to the square  of anydiminution  in the con- 
centration  in  the  'blood,  it  would  require  an  infinite  time  for  the 
blood  urea  figure to  reach  the  low  level,  even  if  the  diet  could  be 
kept  so that  only  I  gram  of  urea  were  formed  daily.  The  prac- 
tical impossibility of reaching such a  result  is  obvious.  The com- 
parative ease with which  a  patient with an index of urea excretion 
more nearly normal would reach a  blood urea figure within normal 
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Case III.--(Table  II.)  J.O.S., male, aged  13.  Diagnosis, chronic nephritis, 
mitral  stenosis.  Admitted  Jan.  19,  1915, with  generalized  edema,  dyspnea,  fre- 
quent  nausea,  and  vomiting.  Blood  pressure  185  systolic,  135  diastolic.  Urine 
clear,  straw  colored,  specific gravity  lOO8, acid,  no  sugar.  Albumin,  6.5  gm.  per 
liter  (Esbach).  Many large granular  casts,  hyalin  and  epithelial  casts,  epithelial 
cells,  and  leucocytes.  No  red  cells.  Eye  grounds  normal.  Jan.  20.  Phenol- 
sulphonephthalein,  2  per  cent  excreted  in  2  hours.  Jan.  26.  Left  hospital  un- 
improved.  Died  one  month  later. 
TABLE  II. 
Case  III, 
Date 
(~9z5). 
Jan.  2o... 
22... 
ilo 
2,1 
~.~ 
CO. 
889 
96o 
] 
Urea.  I  Sodium  chloride. 
I 
Gm  her  ~  !~  ,  •  I  '  [  Gin. per liter of plasma. 
•  • r  ~m.  per  L,m. per  tnoex  ot t~m. per  ,Jm.  per  __  __  __ 
hter  of  1 ter of  24 hrs.  excre-  1 ter of  24. hrs.  ] 
bood  -  I  .  I  .  '1  ,  Cacu-  t  Dtier  urine C  D  tlon  I  urine  C  D.  ,  ] Actua  ~  - 
Ur  .t  I  /  i  I  lated  t  •  ence. 
2.203  9.37  9.  1.2  I  2.0  1.92  :,  5.75  6.59  +.84 
Case IV  (Text-fig. 2)  illustrates an actmil accumulation of urea 
and chlorides, due to restriction of fluids while on a full diet.  That 
the power of excreting substances in high concentration in the urine 
is  diminished in  certain  forms of nephritis  is  well recognized.  It 
is  quite  apparent  that  a  fluid  output  insufficient to  carry  off  the 
waste  products  formed will  lead  to  actual  accumulation  of  these 
products  in  the body.  This  condition  is  manifested,  in  the  case 
presented, by the increasing urea and chloride content of the blood 
and  the diminishing index of  urea excretion.  When  the fluid  in- 
take is increased, urea, chlorides, and index return rapidly to  their 
former  state.  This  case  also  illustrates  the  necessity  of  careful 
control of the fluid intake in any experiments on nitrogen or chlo- 
ride balance.  That a  washing out of urea and chlorides occurs in 
both  normal and pathological  individuals  with  a  high  fluid output 
is recognized and expressed in the formulas.  Any experiment aim- 
ing  to  determine the  balance between nitrogen  or  chloride  intake 
and  output,  which does  not  take  the  fluid  output  into  account,  is 
apt to be misleading. 
Conditions similar to those occasioned by disturbance of function 
due to renal disease may also be found in heart failure, with passive Franklin  C. McLean.  375 
congestion of the kidneys.  In case the  circulation  alone  is  at  fault 
the  conditions  return  to normal  when  the congestion  is  relieved  by 
digitalis  or  otherwise. 
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Case  V  (Table  nI)  illustrates  the  findings  in  a  typical  case  of 
heart  failure  with  passive  congestion  of  the  kidneys,  which  was 
TExT-FIG. 2.  Case IV.  Chronic  nephritis.  Blood  pressure t85  systolic,  I3o 
diastolic.  Urine  clear,  amber,  specific gravity  lO23, acid,  no  sugar,  albumin z 
gin.  per liter  (Esbach).  Numerous hyalin,  few granular casts.  Red blood  ceils 
and  white blood ceils.  Mar.  23  to Apr.  2.  Fluids  restricted,  food and  salt ad 
Iibitum.  After Apr. 2 fluids increased  and food and salt restricted. 
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restored  to  a  functionally normal  state  q)y  digitalis.  During  the 
condition of passive  congestion,  as  evidenced by  cyanosis,  edema, 
and atbuminuria, the blood urea was high, the urea index low, and 
the  plasma  chlorides  high  in  relation  to  the  rate  of  excretion. 
Under the action of digitalis  the blood urea fell, the index rose to 
normal, and the plasma chlorides fell until the concentration agreed 
with  the  theoretical  concentration  as  calculated  from  the  rate  of 
excretion.  The urine became albumin-free and no casts were to be 
found,  indicating  complete  relief  from  the  congestion  which  had 
caused disturbed function. 
Case  V.--(Table  III.)  M.  H.,  male,  aged  53.  Diagnosis,  aortic  and  mitral 
insufficiency,  cardiac  failure,  passive  congestion  of  kidneys.  Admitted  Jan.  2, 
I915,  with dyspnea,  cyanosis,  edema of  extremities.  Blood pressure  143  systolic, 
IiO  diastolic.  Urine  dark  amber,  cloudy,  specific  gravity  lO27, acid,  albumin 
-}-+ +,  numerous  hyalin  and  granular  casts.  Jan.  8.  Condition  unchanged  by 
rest in bed;  digitalis  therapy  started  (digipuratum  o.I  gm., 4 times  daily).  Jan. 
12.  Patient  much more  comfortable,  edema disappearing,  fluid  output  in excess 
of  intake.  Jan.  17.  Digitalis  discontinued;  total  2.9  gm.  Jan.  19.  No  edema, 
.or  dyspnea.  Urine  albumin-free,  no  casts.  Blood  pressure  12o  systolic,  75 
diastolic.  Patient continued in good condition up  to time of discharge on Apr. II. 
TABLE  III. 
Case  V. 
.~d  z  Date  ~  ~  ~  ~  ~  -- 
(~9xs).  ~.'~  . ~  ~ ~  ~r. 
~°  _~° 
k,o.  ,.3   413  Jan.  4..  83.z  500 0.567 
"  1211 77.0 I  42010.597 3  °.8  I2,94  5  3.3, 
3 
IF!  74.0 3,030 o.35I ri-8435,7  :3 °  8.9 
[z5..~73.o  z,z9oo.356  2o.7 124,7  :oo  6.9 
r37.7 o,i   5.7  1 55  ;o117:1 
b  I6..  73.2 [z ooo o 286 r6.43  z6.4~ 
Sodium chloride. 
Gin. per liter of  ~ ~ 
.  plasma.  ,z~  ~  ¢1 
~  I  ____  _  ~  ~.m  Medication. 
~.~  ! ~  ~  ~  .-=~ 
J 1.4x  15.70  i  0.5 
26.982Ii 6.o7]5:^  5 .88  :  0.25  o  Digitalis.,, 
12.5  5.96  o 
o 
Case VI  (Table  IV)  is  a  case of heart  failure  in  which actual 
accumulation of urea and chlorides in the blood occurred.  This  is 
evidenced by the very rapid  rise in the concentration of both urea 
and chlorides in the blood, without any increased rate of excretion. 
This  picture, with its  rapidly diminishing urea index,  is  quite  dif- Franklin C.  McLean.  377 
ferent  from  that  presented  by  Cases  I  and  III, in  which  a  persist- 
ently high blood urea  was accompanied by a  constant  value  for the 
index. 
Case UI.--(Table IV.)  A.W.,  female,  aged  13.  Diagnosis,  mitral  insuffi- 
ciency,  auricular  fibrillation,  cardiac  failure,  death.  First  admitted  Apr.  17, 
I913.  Last  admission,  Dec. 3,  1914, with  edema,  dyspnea,  and  cyanosis.  Urine 
amber, cloudy,  specific gravity lO3O, acid,  albumin  +  +  +,  few  granular  casts• 
Blood pressure  12o.  Dec.  12.  Phenolsulphonephthalein,  68 per cent  excreted in 
2  hours.  Patient's  condition  failed  to  improve materially under  digitalis,  and 
about Dec. 28 she became decidedly  worse,  gradually stuporous,  and  more cya- 
notic.  Edema rapidly disappeared during last few days,  and blood contained  a 
very high proportion of cells  and  a  low  percentage of plasma•  Jan.  IO.  Died, 
after having been unconscious  two days.  Autopsy revealed enormously enlarged 
and dilated  heart, with lesion of mitral valve.  The kidneys were those of passive 
congestion• 
TABLE IV. 
Case  VI. 
Date 
(x9x4). 
kilos 
Dec.  12...  37-9 
"  21...  38.8 
0915) 
Jan.  5-.  37.o 
7 - •  3 2.0 
8 •.  3o.o 
9., 
io,. 
co.  i 
68o i 0.460 
54  °  o.432 
1,85o  o.837 
1,000[  1.38 
500  2.18 
2.70 
3.36 
~  tOm.  per ¸  II~dexl  Om 
~.~  liter of  Gm. perlofex_ / .per 
urine  i 24 hrs.  cre  hter¢ 
C  [  D.  tion I  urin 
•  ,  '  C. 
23.75  16.15  88  7.0 
22.05  11.9  70  3.3 
11.13  20.6  24  2.4 
12.25  12.25  6  3.7 
17.85  8.92  2  1.1 
Sodium chloride. 
Gm, per liter of 
Gm.  dasma. 
per  ___ 
-'4 hrs  D.  Calcu  Ac-  Differ- 
lated,  tual.  ence• 
I 
4.75  5.90  6.15  +  .251 
1.8  5.76  5.95  +  .19 
I 
4.44  5.83  7.24  -+'1.41 I 
3.7  5.85  7.85  +2.oo] 
o.55  5.69  8.44  +2.75 
8.24 
Urine 
albu- 
min, 
gin. per 
liter 
(Es- 
bach)• 
3.0 
1.5 
2.5 
0.5 
0.I 
We  may  summarize  the  findings  in  cases  with  retention  as  fol- 
lows.  In  individuals  with  defective  elimination  of  urea  or  chlo- 
rides, an increased  concentration  of these substances  in the  blood is 
required  to  compensate  for  the  faulty  excretion.  Under  the  con- 
ditions  of  increased  concentration  in  the  blood,  the  actual  rate  of 
excretion  and  the balance between  intake  and  output  may be  quite 
as good as in a  perfectly normal individual•  The increased concen- 
tration in the blood is not to be regarded as an accumulation  unless 
the concentration  in the blood is increasing and  is associated  with  a 
diminished  elimination.  In  any  given  case  the  index  of  urea  ex- 378  Laws  Governi,ng Rate  of Excretion  in  Man. 
cretion measures,  in its relation  to normality,  the  rate  of excretion 
under the conditions  found.  Increased chloride concentration  in the 
plasma  is shown by comparing the  amount  actually  found with  the 
theoretical  concentration,  calculated  from  the  rate  of  excretion. 
The concentration in the blood and the rate of excretion of urea and 
chlorides  depend not only on  the nitrogen  and  chloride  intake,  but 
on the fluid intake and output.  Deficient elimination  due to passive 
congestion  may be restored  to  normal  if  the  circulatory  failure  is 
relieved. 
The Chlorides in Pneumonia. 
That  the  chloride  retention  in  pneumonia  is  associated  with  a 
diminished  chloride  content  in  the  blood  has  been shown by  Pea- 
body  (II)  and  others.  Peabody has  also shown  that  the  concen- 
tration  of chlorides in the.blood increases at the time  excretion be- 
gins.  This  is directly opposed to the condition  in nephritis,  where 
chloride retention  is usually associated with a  high  chloride content 
in the plasma, and suggests at once that the chloride retention occur- 
ring  in  pneumonia  and  other  fevers  is  not  due  to  a  failure  on the 
part  of the  kidneys  to excrete  chlorides,  as  some writers  still  hold 
(I2). 
We  have  examined  the  chloride  content  of  the  plasma  and  its 
relation  to  the  rate  of  chloride  excretion  in  6o  observations  in  13 
cases  of  lobar  pneumonia,  and  have  found  that  the  failure  to  ex- 
crete chloride during the acute stage of the disease is almost always 
associated  with  a  concentration  of  sodium  chloride  in  the  plasIha 
below  5.62  grams  per  liter  (the  normal  threshold). 1  One  must 
believe that  this  is  the  cause of  failure  to  excrete  chlorides,  since 
excretion  begins  with  a  rise  in  the  chloride content  of  the  plasma. 
Case VII  (Text-fig.  3)  illustrates  the findings regarding  chloride 
excretion  in  a  typical  case  of  uncomplicated  pneumonia.  During 
the  acute stage  of  the  disease,  when  only a  very small  amount  of 
chlorides appeared in the urine,  the plasma content of sodimn  chlo- 
ride was considerably below 5.62 grams per liter.  At the crisis the 
plasma  chlorides  rose abruptly,  and  excretion  began  and  continued 
1 similar findings have  been  reported  by J.  Snapper  (Deutsch. Arch.  f.  klin, 
Med., I913, cxi, 429) in 5 observations during the chloride retention of pneumonia. Frankli~ C. McLean.  379 
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in proportion to the concentration in the plasma.  That the low rate 
of excretion of chlorides in pneumonia is  not due to  chloride star- 
vation  has  been  repeatedly shown  (II).  That  the  low  chloride 
content of  the plasma  is  not .due  to  low  intake  is  shown by  the 
rapid rise in Case VII at the time of crisis, without any increase in 
the  chloride intake.  While  the  finding of  a  low  concentration in 
the plasma shows that  the kidneys are not responsible  for  salt  re- 
tention  in  pneumonia,  it  does  not  explain  the  mechanism  of  the 
retention,  which requires  further investigation. 
The Chloride  Threshold in Fever. 
We  have calculated the  threshold in  cases  with  fever  from the 
formula used in normal individuals  (I) : 
/  NaC1 per 24 hrs. gGm..  NaCI per liter of urine  Threshold ~  Plasma NaC1 -- ~, Gin. 
4.23 X  Wt.  in  kilos 
For  the most part  the threshold,  as  calculated by this  formula,  is 
actually  lowered during  the  chloride  retention  of  pneumonia,  the 
average threshold in our cases 'being 5.42  as opposed to the normal 
threshold  of  5.62  grams  of  sodium  chloride  per  liter  of  plasma. 
That  a  similar  condition occurs  in  other  fevers is  shown by  Case 
VIII  (Table V). 
Case  VIlI.--(Table  V.)  B.G.,  female, aged 20.  Diagnosis,  acute  rheumatic 
fever.  Admitted  Nov.  20,  I9I 4.  Nov.  27.  Pain  and  swelling  in  joints.  Tem- 
perature  lO3 °  F.  Urine  amber,  cloudy,  specific gravity  IOI9,  alkaline,  faint trace 
of  albumin,  no  casts,  few  leucocytes. 
TABLE V. 
Case VIII. 
Date (x9x4). 
I  • 
Urine per 
Weight. i  24 hrs.  Gm.literPerof 
I  urine C. 
Gm. per 
24 hrs. 
D. 
Sodium chloride. 
Gm. per liter of plasma. 
Thresh- 
old.  Calcu-  Differ- 
lated.  Actual  ence. 
! 
I  5.80  5.54  --.26 
kilos  cc.  ! 
Nov.  27 .......  60.0  1,285  2.8  5.I  5.36 
In some instances the threshold was never materially lowered, but 
in no case was it appreciably raised during the acute stage of the dis- Franklin C. McLean.  381 
ease.  In  one  case of  chronic  interstitial  nephritis,  dying of  pneu- 
monia,  with  high  blood  urea,  the  chloride  threshold  was  con- 
siderably  lowered.  In  one  case  it  was  raised  temporarily  during 
convalescence.  As  a  rule,  a  lowered  threshold  returns  to  normal 
at  the  time  excretion  begins.  One  case  showed  a  threshold  still 
lowered at  the  time of discharge  from the  hospital,  after  complete 
recovery. 
The findings regarding  chlorides in pneumonias  and  other  fevers 
may be summarized as  follows: Chloride  retention  in pneumonia  is 
associated with a  lowered concentration  of chlorides in the plasma, 
and  failure  of  excretion  is  apparently  due  to  this  cause.  The 
threshold  is  often  considerably  lowered  during  fever,  and  usually 
returns to normal after the temperature becomes normal.  A  raised 
threshold has not been observed during acute  fever. 
The  Chlorides  in Diabetes  (I3). 
In  78  observations  in  28  cases  of  diabetes  mellitus,  mainly  se- 
vere cases, we have  found in a  majority a  lowering of the chloride 
threshold.  Such  a  condition  is  shown  in  Case  IX  (Text-fig.  4). 
In this  case,  under  varying  conditions  of  diet,  excretion  of sugar, 
and  concentration  of sugar  in  the  blood,  the  plasma  chlorides  re- 
mained  proportionately  very low,  corresponding  to a  threshold  of 
about  5.12  instead  of  5.62  grams  of  sodium  chloride  per  liter  of 
plasma.  Only when the  patient  developed an  edema,  such  as  that 
to which diabetics are subject, did the plasma chlorides show a  rela- 
tive  increase,  returning  to  their  previous  relationship  to  the  rate 
of excretion with the disappearance  of the edema. 382  Laws  Governing Rate  of Excretion in Man. 
TExT-FIG. 4-  Case IX.  Oct. 7.  Urine clear, amber;  sugar, 75 gm. in twenty- 
four  hours;  albumin  o;  casts  o.  Ferric  chloride  reaction  heavy.  Fasted  Oct. 
12 to  18,  with whiskey.  No  alkalis.  Oct.  I8.  Sugar o;  albumin o.  Ferric chlor- 
ide  reaction very  faint.  Urine  remained sugar-free,  with  the  exception  of  occa- 
sional traces when the increase in diet was not tolerated.  Nov.  I.  Well marked 
edema  of  both  feet  and  ankles,  which  remained  until  Nov.  II.  Urine,  albumin 
o,  no  casts.  Had  similar  edema  at  subsequent times. 
Case X  (Table VI)  illustrates  the findings  in a  typical case with 
constantly lowered threshold.  In this case the actual concentration 
of  sodium  chloride  in  the  plasma  is  almost  invariably  below  5.62 
grams  per liter,  the normal  threshold. 
The average of the threshold  calculated by the above formula  in 
78 observations in diabetics is 5.34, in contradistinction  to the aver- 
age of  5.6I -+-grams  in all normal  individuals.  Up to the present 
time  we have  not  succeeded in  associating  this  change  in  chloride 
threshold  and  excretion  with  any  other  peculiarities  of  individual 
cases of diabetes.  It  seems  to bear  no  relation  to  the  amount  of Franklin C. McLean.  383 
sugar  excreted nor to acidosis.  It seems to occur most commonly 
in the more severe cases, but has also been seen in milder cases. 
Case X.--(Table VI.)  J.U.,  male,  aged 44.  Diagnosis,  diabetes mellitus. 
TABLE  VI. 
Case X. 
Date (zgx4). 
Dee.  3.. 
~*  7-. 
(I915) 
Jan.  6.. 
May  4. 
I2, 
"  13 . 
"  18. 
22. 
June  2. 
Sodium  chloride. 
*':  ~  .~ L)  ~  Gm. per  liter  of  "~ 
kilos  co.  i"1.63  5-73  ]  ! 
86o  5.oo  --.73  4.8.  45.0  1.9 
45.0  655  2.4  1.6  5.73  5.08 I-.~I  4.9 
I  5.35  --.  41.3  1,85o111.13 20.6  6.23[  4.7 
42.6  950 IO.I  [ 9.6  6.031  5.87  --.I6  5.4' 
44.0  8o0  9.8  7.85  5.98 / 5.221 --.7614.8' 
44.0  1,32o  9.2  12.1  6.06  / 5.48]--.58 i 5.0. 
43.8  1,59o  9.4  14.9  6.12 / 5.601 --.52 i 5.1 
44.0  690110.0  [ 6.9  5.96 / 5.40 I-.5o 15.1 
44.o  7oo I4.3  IO.O  6.o7]  5.70  --.37  5.2 
43.o  8oo I 9.5  I 7.6  5.98' 5.42  --.56  5.0' 
d 
.5 
gm. 
2.73 
o 
o 
o 
o 
Frac~ 
O 
Frac~ 
O 
O 
+  + 
Diet  per 2 4 hrs. 
Carbohy-  ..  Total 
drate,  calories, 
grit. 
Fasting with 
alcohol 3d day. 
o  637 
o 
4o.I  343.5 
70 
IO 
20  929 
15.1 
o  1,427 
0 
466 
600.5 
553 
1,526.9 
1  062 
The Influence  of Drugs on Excretion  of  Urea and  Chlorides. 
Study of the effects of drugs has so far been confined mainly to 
the  action  of digitalis.  We  have  found,  in  the  majority  of  cases 
examined,  a  lowering  of  the  chloride  threshold  as  the  result  of 
giving  digitalis,  both  in  individuals  with  normal  excretion  and  in 
cases with passive congestion.  The threshold may be brought merely 
to normal,  as in  Case V  (Table III),  or it may be brought  tempo- 
rarily  far  below normal,  as  in  Case  XII  (Table  VII). 
Case XIL--(Table VII.)  G.  M.,  male,  aged  50.  Diagnosis,  cardiac  hyper- 
trophy,  auricular  fibrillation.  Patient has been under observation since  May  I9, 
1914.  Rate  remains  slow  and  patient  feels  well  when  taking  digitalis,  but  rate 
becomes  rapid and dyspnea and edema appear when digitalis  is omitted.  Oct.  5, 
1914.  Patient has had no digitalis  since  Sept.  27.  Pulse  rate gradually increas- 
ing.  Urine  clear,  amber,  specific gravity  lO25,  neutral,  albumin  o.25  gin.  per 
liter  (Esbach),  no  casts  found.  Oct.  16.  Marked  dyspnea,  face  puffy,  heart 
rate  rapid.  Output  of  fluid  has  diminished  and  weight  increased.  Digitalis 
started.  Oct.  23.  Fluid  output  increased  and  patient much  better.  No  edema. 384  Laws  Governing  Rate  of Excretion in Man. 
Nov.  2,  Patient  feels  well;  rate  remains  slow.  Two  similar  series  of  observa- 
tions have  since been  made  on  the  same  patient. 
TABLE  VII. 
Case  XII. 
Date 
(1914). 
Oct.  5. • 
I6.. 
23.. 
"  26.. 
Nov.  2.. 
Urea. 
71.Oi  76OO.4OOI8.2  [13.~ 
73.0  685 o.5oo36.8e118., 
72.6  1,600 o.352)3.I5[21.~ 
72.0  1,68o o.358,13.68 224 
72.4 1,58o o.396' 14.o2122.~ 
+5ii 
+'191 
Sodium chloride.  Phthalein excreted. 
!  ~  .  ~.  Gm. per liter of 
~.~  ~,v  I  ~1  ~  --  --- 
-~i  L.~I  ~l  ~  .  -~  , 
=El  .~  "~  ~'~  ~  .~ 
N 
53  I3.O  9.81 5.96 [  .II  -} .I 
47J  5.1  3.515.78  /  .97  -}.1 
7611o.o  16.o  6.o3  /  .51  -.5 
82  12 3  20.7  6  II i  .II  C 
66 112.1  I9.II 6.09 !  .I0  +.OI L 
pe~  per 
cen  cent 
3o  68 
Medication. 
Digitalis. 
Urea excretion is increased after passive congestion is relieved by 
digitalis, but digitalis seems to have no specific direct effect on urea 
excretion.  Case XI  (Text-fig.  5)  shows the effect of both digitalis 
and theocin, as separate observations on the same individual.  Both 
the chloride and urea findings are illustrated, as in Text-fig.  I.  Ex- 
cept  for  the  temporary  fall  in  the  urea  index  at  first,  caused  by 
insufficient  fluid,  the  index  remains  practically  unchanged,  and 
shows no response to drug therapy.  The  constantly low index  is 
apparently due to a disturbance in function due to chronic nephritis, 
with hypertension.  When admitted, the patient was  under the in- 
fluence of large doses of infusion of digitalis, and the plasma chlo- 
rides  were  very  low,  the  concentration  being  below  the  normal 
threshold.  As  the  influence  of  digitalis  disappeared,  the  plasma 
chlorides  rose  rapidly,  edema  appearing  and  increasing  with  the 
increase  in plasma chlorides.  Diuresis  with theocin increased  the 
chloride  excretion  and brought  down the  plasma  chlorides  tempo- 
rarily to the theoretical concentration.  Conditions rapidly returned 
to  the  previous  state,  until  digitalis  was  again  administered.  At 
this time the plasma chlorides did not fall to the previous low level, 
though they responded to digitalis therapy with a decrease in concen- 
tration,  approaching but not reaching the theoretical concentration. TzxT-FIG.  5.  Case  XI.  Chronic  nephritis,  hypertension,  and  cardiac  failure.  Urine  clear, 
amber,  specific  gravity  lOO7,  acid,  albumin  heavy  trace,  numerous  hyalin  and  granular  casts. 
Admitted  under  influence  of  infusion  of  digitalis.  Later  treated  with  theocin  and  with  digi- 
puratum. 
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Edenm, however, disappeared and the patient gave other evidences 
of a  favorable reaction to digitalis.  Since this time the patient has 
been  out  of  the  hospital,  and  has  returned  with  edema.  At  this 
later time, not shown in Text-fig.  5,  digitalis  caused the excretion 
of  I I,ooo cc.  of urine in  forty-eight hours, and the plasma sodium 
chloride fell to 5.37 grams per liter and remained low for some time. 
The index of urea excretion was exactly the same during this enor- 
mous diuresis as  on the preceding day, when the  fluid output  was 
only 9oo cc.  The length of time for which the chloride threshold 
remains  low  after  digitalis  varies  in  different cases,  but  it  may 
remain low for ten days or longer after digitalis is discontinued. 
Digitalis and diuretin were both without effect in acute nephritis 
(Case I), so far as could be told by our observations.  They were 
also without effect in  Case  IV  in  later observations,  not shown in 
Text-fig.  2.  We  cannot  at  present  make  any  general  statements 
regarding the  use  of  diuretics  in  nephritis,  but  the method  offers 
opportunity for exact study of the action of various diuretic drugs 
when applied to diseased conditions. 
Relation of Chloride  Excretion ~o Edema. 
We are not yet prepared to  take up in  detail the subject of the 
relation  of  chloride  excretion  to  edema,  but  certain  observations 
here presented refer also to this subject.  Cases I, IV, and XI with 
nephritis; V, VI, and XII with heart failure; and XI with diabetes 
all showed edema, and all showed a  relatively increased concentra- 
tion of chlorides in the plasma.  Case XIII  (Text-fig. 6)  had a pro- 
nounced generalized edema, occurring during serum sickness after 
pneumonia, after treatment with serum.  Though his plasma chlo- 
rides  had  been  low  during pneumonia,  they rose  to  a  high  point 
during the edema, and returned to the theoretical concentration as 
the edema disappeared.  This case is of interest in that it illustrates 
two types of salt  retention occurring in the same patient  within a 
few days.  During pneumonia, excretion was low, with a  low con- 
centration  in  the  plasma.  During  serum  sickness,  excretion  was 
again low,  with a  high concentration in  the plasma.  The normal 
period following the edema serves as a control for the other periods. 386  Laws  Governing  Rate  of Excretion  i~. Ma~+. 
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TBxT-FIo. 6.  Case XIII.  Lobar pneumonia;  serum-treated.  Crisis  followed 
'by serum sickness with generalized edema.  Nov.  II.  Urine, no  albumin.  Com- 
plete  recovery  occurred. 
In  Cases  V,  XII,  IX,  XI,  and  XIII  disappearance  of  edema  was 
accompanied  by the  return  of  the  plasma  chlorides  to  practically 
the  theoretical  figure.  In  Case  I  edema  disappeared  long  before 
chloride excretion became normal, though the patient was constantly 
on a  salt-poor diet.  Case IV has never been free  from edema and 
has  always  a  relatively  high  concentration  of  chlorides  in  the 
plasma.  Cases  with  persistent  edema  and  low  plasma  chlorides 
have not been seen.  Whether  the relationship  is one of cause and 
effect, or  merely  one  in  which  the  change  in  chloride  excretion  is 
due to the same cause as the edema, we cannot at present state. Franklin  C.  McLean.  387 
SUMMARY. 
A  method  of measuring  the  rate  of  excretion  of  urea,  in terms 
of the normal,  as presented  in a  preceding paper,  has  been applied 
to  the  study  of  diseased  conditions  and  of  the  action  of  drugs. 
Simultaneous  dbservations on chloride excretion have been made by 
comparing  the  concentration  of  chlorides  actually  found  in  the 
plasma  with  the  theoretical  amount,  calculated  from  the  rate  of 
excretion.  Observations made  in this  way have been found appli- 
cable to the study of various diseased conditions. 
CONCLUSIONS. 
I.  The  rate  of excretion  of  urea  in  diseased  conditions  may be 
measured in terms of the normal by the index of urea excretion, and 
direct evidence as to the state of one of the more important excretory 
functions may be thus obtained. 
2.  The rate of excretion of chlorides gives a basis for calculating 
the  theoretical  concentration  of chlorides  in the plasma.  By com- 
paring  the  concentration  actually  found  with  the  theoretical  con- 
centration,  changes  in  the  function  of  chloride  excretion  may  be 
studied. 
3.  Increased  concentration  of  urea  in  the  blood is,  as  a  rule,  a 
compensatory  phenomenon,  in  order  to provide  sufficient  pressure 
to  cause  its  excretion  through  a  damaged  outlet.  Under  certain 
conditions  actual accumulation  occurs. 
4.  Relatively increased  concentration  of  chlorides  in  the  plasma 
occurs in certain  conditions,  especially in certain  forms  of cardiac 
and renal disease. 
5.  Under  certain  conditions,  notably in  fevers or in diabetes,  or 
as the action of diuretics  (digitalis),  the chloride threshold may be 
temporarily or permanently lowered.  This may result in a decrease 
in the concentration of chlorides in the plasma to a point lower than 
the lowest point which is seen in normals. 
6.  Failure to excrete chlorides in pneumonia  is associated with a 
lowered concentration of chlorides in the plasma.  Excretion begins 
at the time this  concentration  increases. 
7.  Edema  is  usually  accompanied  by a  relatively  increased  con- 388  Laws Governing  Rate  of Excretion  in  Ma~. 
centration  of  chlorides  in  the  plasma.  The  relations  ordinarily 
return to the normal state when edema disappears. 
8.  Chloride and urea functions may be quite independent of one 
another. 
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